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ABSTRACT 
. 
Ribosomal proteins participate in the Pr"Ocess~pg
 
and maturation o-f precursor rRNAs to form functi
orliLl 
• i 
.subunits. The interaction of an early binding
 60S 
• 
ribosomal protein L25 with the 23S/26S/28S rRNAs is 
well 
documented. The interaction OT these protein homol
ogues 
from prokaryotes, eubacteria, and archaebacteria 
with 
l 
. ' ,_ ,, 
the 23S/26S/28S rRNA is highly conserved. Its bin
ding 
site has been mapped to Domain I I I OT the 1 arge 
rRNA 
[lrRNA] 1 in which the ''hidden break'' occurs in insects 
[D.melanogaster] and c i 1 iated protozoans [T.thennophila] • In
 
these species, excision of nucleotides within the h
idden 
break· results in the formation OT an and ~ mo
iety, 
that are held together by hydrogen bonds. L25 homolo
gues 
have been isolated -from 
• 
a series OT prokaryotic 
1 . 
\: 
,) 
' 
. , ~·;:,~· 
organisms [e.g. E.coli B.stearophilus] , however the only 
eukaryote from which L25 has ,been identi-fied is yeast. 
v---~ 
Yeast is an organism in which the hidden break is not 
present. Heterol.ogous binding studies have shown that 
yeast L25 binds pre-ferent ial ly to T.thermophila mature 26S 
rRNA while no binding was· observed with the precurs·or 
rRNA transcript, in which the gap sequences were present 
[Ware, submf tted] . Hence, it .. was proposed that perhaps 
processing at this site [variable V9 region], may be a 
prerequisite for L25 binding in protozoans. It is also 
possible that differences between L25 binding 
interactions exist with break • 10 • organisms the 
[T.thermophila] and without the break [yeast]. In order to 
study these binding differences • organisms, an in these 
attempt was made to isolate the L25 homologue form 
T. thermophila • Using extraction methods successful -for 
' 
yeast, three 15 Kd core ribosomal proteins were isolated 
2 
' 
·. t \ , 
....... 
.. 
/ 
I () 
-from T.thermophila. T.thermophila core proteins demonstrated a 
pre-ferential interaction with· mature 26S rRNA. However, 
_no binding was observed with the precursor transcript. 
The core proteins appear to. protect two unique -fragments 
on the 26S rRNA as determined by limited RNase Tl. 
Irietraction of core proteins with yeast transcript 
containing the entire L25 binding site suggests that an 
L25-like homologue may be present. This wi 11 
confirmed by RNA sequencing of the protected fragments. 
\, 
\, 
\\i. 
3 
be 
• 
CHAPTER I 
INTRODUCTION 
Ribosomes are 
ribonucleoprotein particles that h&ve a primary rol~ 
in protein synthesis. Elucidating their 11tructurt1, 
-function, and assembly into mature subunitM preM@nt• 
a unique challenge to molecular biologi11t11, M inc~ 
,, 
they are composed of nearly aixty different 
molecules [proteins and rRNAs]. Ribo8omee con•i•t of 
two subunits, the large subunit [LS] and the amall 
) 
subunit [SS] which differ in size and aedimentation 
coe-f-ficients • 1n prokaryote• [l50S/ 
30S] and eukaryotes [60S/40S], [see Table 1, for 
4 
• 
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CHAPTER I 
INTRODUCTION 
Ribosomes are sophisticated complex 
ribonucleoprotein particles that have a primary role 
in protein synthesis. Elucidating their structure, 
function, and assembly into mature subunits presents 
a unique challenge to molecular biologists, • since 
they are composed of nearly sixty different 
molecules [proteins and rRNAs]. Ribosomes consist o-f 
two subunits, the large subunit [LS] and the smal 1 
subunit [SSJ which differ in size and sedimentation 
coefficients • 1n prokaryotes [50S/ 
30SJ and eukaryotes [60S/40S], [see Table 1. for 
4 
Comparison of ribosomal subunits]. • size 
disparity has been attributed to the increased rRNA 
size as we 11 as an • increase in number o-f ribosomal 
proteins • In eukaryotes. However, eukaryotic 
ribosomes do not differ functionally from 
prokaryotic • species in a fundamental manner [refer 
to Tables 2 3] ; that • IS, they both perform the 
same -function by similar biochemical means. Hence 
the critical question posed • IS why then are 
eukaryotic ribosomes larger and have a greater 
number of proteins than their prokaryotic 
counterparts ? I will focus this discussion to the 
structure and biogenesis of eukaryotic ribosomes. 
5 
I ( 
_; 
. - . . . . . 
. . 
. · 
• f 
. . 
source 
Ribosomes. 
Sedimentation 
Mass (KDa) 
Large subunit 
a) 
. 
. 
b) 
RNA components 
Proportion of 
Ribosome mass 
, 
Proteins 
Proportion of 
Ribosome mass 
Small subunit 
a) RNA components 
Proportion of 
Ribosome mass 
b) Proteins 
Proportion of 
Ribosome mass 
. 
. 
. . . 
..• 
. . . 
. 
. . 
Prokaryotes 
E.coli 
23S 
5S 
70S 
2520 
- 2904b 
-
- 120b -
· 70% 
. . 
. . . 
.· 
• 
31 polypeptides 
30% 
16S = 1541b 
60% 
21 polypeptides 
40% 
•. 
• 
. 
; 
. 
Eukaryotes 
Rat liver 
285 
sos 
4420 
- 4700b 
-
5.85 - 160b 
5S - 120b 
65% 
49 polypeptides 
35% 
18S = 1900b 
50% 
33 polypeptides 
50% 
Table 1. : COMPARISON OF EUKARYOTIC AND PROKARYOTIC 
RIBOSOMES. [Abbreviation: b =bases; adapted from 
Lewin , 1985 ] 
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RIBOSOMAL BIOGENESIS 
Ribosomal bi6genesis involves the processing of 
precursor rRNA as well as assembly o-f ribosomal 
proteins to form mature functional subunits [see fig 
1. for summary o-f ribosomal biogenesis J. Processing 
of rRNAs is an elaborate procedure involving initial 
transcription o-f the rDNA repeat [see -fig.2.] to 
-form a single 45S rRNA transcript which undergoes a 
cascade o-f • processing steps to -form mature 
functional rRNAs. 
Ribosomal RNA genes have been localized to a 
distinct nuclear organelle called the nucleolus. 
Eukaryotic rRNA • processing • IS similar from mammals 
to -fungi; a single transcript is produced in the 
nucleolus by a species-specific polymerase, 
9 
) 
·v 
,, 
~ 
•••• 
• • • • 
• ••• 
-. 
NUlLEOLU5 
) 
N~VJDfLN»NIC. 
TRArt~fo «.-r L 
A<,.TtVATION 
:SIS'S 
•• _.....,__ . 
• 
Fig.1. : SCHEMATIC REPRESENTATION OF THE OVERALL 
BIOGENESIS OF RIBOSOMES. [taken "from Molecular 
Biology of" the Cell , Alberts, 1985] 
10 
. . 
. . ' . . . - ~ '-" .: .... 
• 
(A) TETRAIIYMENA rDNA REPEAT 
5' 17S 5.8S 26S IVS 
SEVERAL PROCESSING 
STEPS 
17S 5.8S 26S 
Fig.2. : GENETICS OF TETRAHYMENA RIBOSOMES. [a] 
Organization of rDNA repeat • 
' 
(b] Ribosomal RNA 
• processing. [taken -from Molecular Biology o-f 
Ciliated Protozoans Ed. Gall ; 1989 J 
11 
• 
methylation occurs either during or after 
transcription, followed by sequential cleavage at 
specific sites to form three stable RNAs; 18S; 28S 
and 5.8S rRNAs. The first cleavage • 1S 
,., 
endonucleolytic resulting in the formation of a 3' 
end that then • excises 7 nucleotides 
exonucleolytically [see -fig.3.]. Pulse chase 
experiments have shown that a unique set o-f proteins 
larger than ribosomal proteins, are associated with 
the RNP but do not pass out into the cytoplasm [see j 
-fig.4. Warner and Kumar, 1972 ] . It has been • 
' 
hypothesised that since these proteins are re-
utilised during ribosome -formation, they may be 
involved in the processing of the 45S precursor 
transcript. 
12 
There is evidence that small nuclear RNPs 
[snRNPs] in vertebrates [fo_r example U3 snRNPJ and 
• In lower eukaryotes [e.g. ,yeast snRNA 
~ 3,4,5,8,9,10,17,128 190] bind to precursor rRNAs 
in the nucleolus [Tollervey ~ Fournier 1989]. It has 
been suggested that these snRNAs might be components· 
o-f early processing events o-f the pre-rRNAs in the 
nucleolus, in a manner similar to spliceosomes -for 
mRNAs. Alternatively, they could also play a role in 
the correct -folding o-f pre-rRNAs, ribosomal 
assembly, or even nucleocytoplasmic transport. 0-f 
the • nine snRNAs identified • 1n yeast, only snRNA 17 
appears to be essential -for yeast viability, 
implying that snRNA 17 may be playing a vital role 
• In some ribosomal assembly or • processing step. 
13 
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(A) ITS I · ITS 2 
'\_s.as/ ETS 18S 28S 
45 S 
s'l © 
24 S oi 41S I 
·@ 
· . 18 S + 36 S 
I I+ 32 S 
(B) 
(C) 
45 S 
• 
34 5 . I 32 S 
0+ 
·24 S o+ --• 1 20S + 
18 S · 
:@ 
t· 
------ + c::::J + . -=----------
32 5 
I 
I I 
I I 
12 S -=i+i + 28 S 
I 
I 
I 
5.8 S J+c + 28 S 
32 S 
32 S 
Fig.3. • • EUKARYOTIC RIBOSOMAL RNA PROCESSING • 
Processing scheme ·-for the maturation o-f eukaryotic 
rRNAs . White boxes are -transcribed spacers ; black 
boxes are mature RNA regions. [a] Separation o-f 18 S 
rRNA -from 32 S rRNA ; in HeLa cell at 38 ° C [1] and 
33 ° C [2] ; [b] Processing to 28 S rRNA and 5.8 S 
rRNA. [taken-from de Jansverin and Jacq, 1989 J 
14 
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(._, 
'. 
• 
0 0 RIBOSOMAL .·o PROTEINS 
• 
RIBOSOMES 
·. ' 
NUClEOLUS 
CYTOPLASM 
• 
. 
. 
Fig.4. : ROLE OF NUCLEOLAR PROTEINS IN RIBOSOME 
FORMATION. Topological orientation of proteins is 
arbitary. [taken from J .R. Warner; Ribosomes Cold 
Spring Harbor Laboratory,1974]. 
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·' 
.' 
• 
I 
The most complex rRNA • processing has been 
observed in certain insects [Sciara coprophila; Bombyx mori; 
Drosophila melanogaster] and protozoans [Tetrahymena thermophila 
( T.thermophila)J , in which additional processing events 
occur in the 26S rRNA. The occurrence o-f a hidden 
break in the center o-f the 26S / 28S ·lr RNA has 
been demonstrated in protozoans [T.thermophila, V.C. 
Ware] and insects [see Table 4· 
' 
Sciara coprophila, V • C . 
Ware 1985 ; Drosophila melanogaster (D.melanogaster), de Lansverin 
and Jacq 1984; Bombyx . mon, Fujiwara and lshiwara 
1986]. Denaturation and pulse-chase experiments have 
shown that the occurrence o-f the hidden break • 1S 
indeed a true maturation step and not an artifact of 
RNA isolation. This processing event [also called 
"gap processing"] occurs in insects and protozoans 
I ~ 
'/ I 
while • 1n lower eukaryotes [yeast] and vertebrates 
16 
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_, 
THE DISTRIBUTION OF THE HIDDEN BREAK 1B THE 26S RNA OF ANIMALS 
SPECIES 
Euglena gracilis 
Tetrahymena thermophila 
Rana nigrimacula~a 
Mus molossinus 
Homo sapiens 
Fasciola· hepatica 
Ascaris lambricoides 
Bombyx mori 
Drosophila melanogaster 
Sciara coprophila 
COMMON BAME 
Frog 
Mouse 
Man 
Liver fluke 
Round worm 
Silk moth 
Vinegar fly 
Fungus fruitfly 
BIDDER BREAK 
+ 
+ 
-
-
-
+ 
+ 
+ 
\ + 
t 
TABLE 4. • • IB WHICH THE HIDDEN BREAK OCCURS . 
( adpated from H. Ishikawa.; 1977) 
17 
[X. laevis] this phenomenon does not occur [see fig.6]. 
Fragmentation has been documented in the 26S-28S as 
well as the 17S rRNAs • In other • organisms 
[dinoflagel lates have hidden breaks in V3] and even 
some prokaryotic • organisms [e.g. Salmonella] . Some 
. 
protozoans al so exhibit a break in the 5. 8S rRNA 
[ e . g. T. thermophila, see -fig. 58] . 
Gap • processing results in the c 1 eavage o-f the 
26S-28S rRNA into ~ moieties, the 26S a and 26S f3 
I 
" 
that are held together by hydrogen bonds [see 
-fig. 5A] . The site o-f , cleavage has been mapped to a 
eukaryotic specific variable • region [V9] in the 
central domain [DI I I] o-f the 26S-28S rRNA. It • is 
believed that these processing events occur late in 
the maturation o-f ribosomal subunits. The 
18 
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J7 
/ \ 
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/ "-'\ 
\. "" 
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- . \ 
(A) 
' 
28 S 
(B) 
Fig.5 : 
CILIATED 
break in 
S rRNA. 
a 
5.8 S 
I 
: . I 
I 
I 
+ 
._ M I 
I I 
I I 
I I 
I I 
. I 
I 
I 
I 
•+•2S 
28 S 
_28 S /3 
ADDITONAL PROCESSING STEPS IN INSECTS AND 
PROTOZOANS. [a]· Processing o-f the hidden 
26 S / 28 S rRNAs. [b] Fragmentati9n in 5.8 
[taken from de,·Lansverin and Jacq, 1989] 
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(B) . EXPAN£10N SEGMENTS 
NO GAP PROCESSING EXPANSION SEGMENTS- GAP PROCESSING 
• 
• 
• 
COMPARISON OF THE Fig.6 
PROKARYOTES AN·D EUKARYOTES. 
CENTRAL 
[a] 
DOMAIN 
E.coli • 
' 
FROM 
[b] 
eukaryotes with no gap processing and [c] eukaryotes 
with gap 
communication]. 
• processing [V. C. Ware, 
.,-., 
! 
personal 
• 
significance or the mechanism of gap • processing 
\• 
• IS ·· 
still unclear. 
Ribosomal RNAs are divided into secondary 
structure domains that consist o-f conserved domains 
and eµkaryotic specific variable/divergent domains. 
r 
The secondary structure o-f Divergent/ Variable [V9] 
region consists o-f two important -features: namely 
they can be -folded into an independent structure 
that does not a-f-fect -folding o-f the ,conserved common 
core and secondly, they are always inserted in the 
same three specific sites o-f the common core• [ D7a / 
D7b / D7c J. D7a has been localized to helices J & I 
and is -folded into two \! • consecutive helices [ Helix 
D7a 1 and Helix D7a 2 ]. Helix D7a 1 has a smaller 
stem [2 - 4 hp] enclosed by a terminal loop o-f 3 - 6 
~-----1 
nucleotides. Helix D7a 2 is variable in size and 
/. 
never -forms a branched structure. The target -for 
., 
( - __ __, 
21 
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V 
\ 
\ . 
uniqu·e processing events • In insects and protozoans 
has been localized to the D7a domain while the D7a 2 
helix which is A + U rich is always excised during 
processing [see fig.7, de Lansevrin and Jacq,1989]. 
D.melanogaster 26S rRNA contains a 890 base • pair 
sequence in its.Central Domain [ DIIi J in which a 
break is created by nuclear processing event/. .. The 
sequences which are processed out have been shown 
to be very A+ Urich as compared to the • • rema1n1ng 
sequences. The G + C content -for the D7a / D7b 
' 
regions appear to be related in organisms that. do 
not gap process. However there is considerable 
difference in G + C content in organisms that 
~/' 
process but the gap sequences. It appears that there 
exists a common [ ATAATT J hexamer between Sciara 
coprophila & D.melanogaster, which is absent in X. laevis and 
yeast. There-fore conservation OT sequence at the 
22 
/ 
\ 
/ 
/ 
' /, 
begining o-f the 26S - 28S P might imply specificity 
for cleavage. 
In the ci 1 iated protozoan T.thermophila, the 
hidden break has been localised to the variable V9 
region, in which insects [Drosophila and Sciara] 
exhibit gap • processing. However, T. thermophila on 1 y 
excises 3 nucleotides -from the V9 • region, Ware and 
Sherman, submitted [see -fig.SA]. In addition to gap 
processing., T.thermophila also exhibits pr cessi g o-f 
its rRNA intron, at an earlier time • In the 
processing pathway [see -fig.SJ. Excision o-f the 26S 
rRNA intron has been shown to be a self-splicing 
everit and the exact mechanism has been well 
characterized [ Cech et al 1989 J. The significance 
or the mechanism o-f the gap • region • In T. thermophila 
still remains a puzzle. It is unknown i-f processing 
o-f the gap • region • IS a se 1-f • • exc1s1on event or not. 
23 
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Fig.7 
yeast 
A .. - 1 ~ 
-; "; AG 
: COMPARISON OF L25 BINDING 
[b] and mouse [c]. [taken 
.A,. u 
1111 
Mouse 
-
SITE . IN E.coli [a] 
'from El-Baradi 
al. 1985 ] 
,., 
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In summary gap processing events have resulted 
in the cleavage o-f phosphodiester bonds as well as 
• • exc1s1on o-f nucleotides -from the precursor 
molecules. Cleavage results in the -formation of two 
moieties, 26S o and 26S P, which are held together 
) 
by hydrogen bonds. 
evolutionarily similar 
could induce • processing 
It • IS possible that 
It • IS possible that • 1n 
• species, • a size 1 imitation 
in the Variable V9 • region. 
cleavage may induce 
1 
a 
con-formational / structural change in the central 
domain, which may allow -for assembly o-f early 
binding ribosomal proteins and their subsequent 
maturation. 
25 
,C) 
In summary gap processing events have resulted 
in the cleavage. of phosphodiester bonds as well as 
• • excision of nucleotides -from the precursor r 
) 
molecules. Cleavage results in the -formation of two 
moieties, 26S o and 26S P, which are held together 
by hydrogen bonds. It • IS possible that • In 
evolutionarily similar • ~pecies, a • size limitation 
could induce • processing in the Variable V9 • region . 
It • IS possible that cleavage may induce a 
con-format ional / structural change in the central 
domain, which may allow for assembly of early 
binding ribosomal proteins and their subsequent 
maturation. 
25 
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RNA - PROTEIN INTERACTION 
Ribosomal assembly involves the simultaneous 
in~..;eraction of proteins with rRNA species to -form 
mature subunits [see -fig.9]. Each subunit • lS 
assembled with ribosomal proteins and rRNAs into a 
complex three-dimensional structure that is held 
l 
together by non-covalent interactions. Ribosomal 
proteins have an auxillary role in facilitating the 
proper functioning of rRNA by mediating a shi-ft • 1n 
conformation o-f functional sites and inducing or 
stabi 1 iz i ng the structure of the rRNAs [J. H. Warner 
, 1975] . 
A model for ribosomal assembly was proposed by 
Warner et al [1984], [see fig.9]. Transcription of 
rRNA occurs freely in the nucleolus, -followed by 
27 
#' 
s imu 1 taneous entry of' new ribosomal proteins into 
the nucleolus. These ribosomal proteins can bind to 
sites on the pre-rRNA. However, binding is not 
permanent; that • 1s, one protein may move f'rom one 
RNA to another [Warner at al, 1984] . There-fore 
precursor RNA molecules compete -for the limiting 
ribosomal protein. Ultimately the pre-rRNA with a 
complete set of ribosomal proteins can be cleaved by 
a nuclease and exported out into the cytoplasm 
' 
as 
an intact mature subunit. 
Ribosomal assembly however is not accomplished 
in an entirely universal manner. Thire are subtle 
differences between prokaryotic, eukaryotic, and 
organellar ribosomal assemblies. Eukaryotic 
ribosomes are not assembled on mature 18S 28S 
rRNAs but instead initiation of assembly occurs with 
28 
NUCLEUS 
CYTOPLASM 
>, 
• 
NDHBER. OF PROTEINS 
rrP--~-~PRE-rRBA--- --~-~~RIBOSOMAL 
7 SOBDRITS 
+ 
R.P. 
RJBOSOMAT, PltOTEIB 
( mRNA ) R.P .----~) (POLYSOH)lt.P. '---..-- + 
POLYSOMES 
Fig ... 9) : SCHEMATIC REPRESENTATION OF RIBOSOME 
\../ 
SYNTHESIS AND ASSEMBLY IN EUKARYOTES. [taken -from 
J.R. Warner, Ribosomes Cold Spring Harbor 
rl 
Laboratory, 1975 J 
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45S pre-rRNA. The 45S RNA may pos@e~8 i nformA,t1 int, 
required for proper &SRembly. 
~) 
and 
chloroplastic riboeome8 &re dlAtinctlyJ differ~nt 
,.--""' 
from their counterparts in the c@ll 8~p. The.r~ ~re a 
few similar or structurally rel&t@d prntein~ between 
organellar and cellular ribo~om@~, 11Jt1ggeJ11tiing tha.t 
some proteins may be synthe8ized ln t,ht, ~ytoplasm 
and upon entry into the organel 1~ 11nd~rgt1 further 
maturation steps [ Stern; Noller a.nd Powftr~~ .1989]. 
Kumar Warner [1971] have demon~trated • 1n 
yeast temperature sensitive mutant~ that unless 
ribosomal'"' proteins are ''fixed" in th~ ntJcl~olus by 
attachment to precursor rRNA, they are forced to 
exit the nucleus and are eventually de~troyed. This 
suggests that there must exist some mecl1ar1 i srn by 
which only the entry of newly synthesized t7ibosomal 
proteins are permitted to assemble 
30 
( 
( 
,. 
ir1to mature 
.,:..,, 
c· 
45S pre-rRNA. 
\ ___ -, 
The 45S RNA may possess information 
required for ·proper\ assembly. Mitochondrial and 
chloroplastic ribosomes are distinctly different 
·from their counterparts in the cell sap. There are a 
few similar or structurally related proteins between 
organellar and cellular ribosomes, suggesting that 
some (proteins .may be synthesized in the cytoplasm 
and upon entry into the organelle undergo -further 
maturation steps [ Ste~n; Noller and Powers,1989]. 
Kumar ·& Warner [1971] have· demonstrated • In 
yeast temperature sensitive mutants that unless 
ribosomal proteins are ''-fixed'' in .the nucleolus by 
attachment to precursor rRNA, - they are -forced to 
exit the nucleus and are eventually destroyed. This 
suggests that there must exist some mechanism by 
which only the entry of newly synthesized ribosomal 
proteins are permitted to 
' I 
30 
assemble into mature· 
• 
' " 
subunits. Clearly there exi'5ts some me
chanism by 
which a balance 
. ' 
1S mai·ntained between the 
transcription the rate and of 
• processing of 
ribosomal proteins. For every new ribo
some 
assembled, an old Ori bosome is ~egraded . [Weber 19
72] 
suggesting that the fate of ribosomal degr
adat'ion • IS 
we 11 reg.u 1 ated . 
The spatial orientation of 60S proteins 
with 
the 26S has deterll)ined rRNA been 
• using protein-
protein cross 1 inking experiments [Xiang and L
ee, 
199J]. Cross-links were -generated by treatment 
o-f 
intact 60S subunits with 3,
3'-
dithiobisproprionimidate and the resulti
ng cross-
" 
links were analysed by 2D-diagon
al SDS-
polyacrylamide gels. Seventeen cross-link
ed • pairs 
were obtained out o-f which several 
ribosomal 
proteins were involved in multiple cross-l
inking. It 
31 
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was assumed that these proteins might serve as foci 
upon which subsequent a~sembly occurs. These results 
indicate that L25 and L29 form associations wi.tli 6 
and 5 proteins respectively, · suggesting. that these 
proteins may be centrally . located within the 60S 
. 
subun·it. In yeast, early assembly proteins have been 
discerned based on their association time with the 
' 
mature rRNA [Planta,1978]. Cross-linking analysis 
has shown that 7 out of the 17 cross-I inked early 
assembly protein pairs are clustered [L3-L4 ; L17-
L34 • 
' 
L26-L29 • 
' 
L26-L34 • 
' 
L29-L33 • 
' 
L29-L38 ; L33-
\ 
L34]. These clustered proteins form -foci on which 
assembly occurs. L25 and L29 form associations with 
these cross-linked pairs [Xiang and Lee, 1990 J. 
Ribosomal proteins of the small and large 
subunit have 
• 
been isolated • 10 a variety OT 
eukaryotic organisms [refer to Table 5. for summary 
32 
of eukryotic ribos:omal .Proteins
]. · The two most 
extensively studied eukaryotic r
ibosomal prote-ins 
systems have been -for. mouse ari
d yeast. Table 6. 
1 ists the molecular weights of 
isolated ribosomal 
proteins o-f the ·40S and 60S subunit
s from rat. liver. • 
Ribosomal proteins have been 
implicated • lD 
mediation of subunit assembly an
d maturation. They 
are synthesized in the cyto.plasm 
and are required to 
be imported back into the nucl
eolus where their 
assembly occurs [see fig.9]. 
The most tightly bound 60S ribos
omal proteins 
are L25 > L4 >LS> L10 > L12 > L16. T
hese proteins 
appear to be the first proteins 
that are assembled 
onto the 26S rRNA [ El-Baradi et al, 19
84 ]. By far 
the clearest and most extensively
 studied ribosomal 
protein/ RNA interaction has been
 the association 
33 
BOIIBER. or PRO'nlltS 
SOURCE OP llIBOSOIIES 
BAT LIVER 
RAT IIIJSCLE 
YEAST 
FROG 
• 
. 40S 
30 
31 
30 
30 
29 
60S 80S 
40 ' _/ 70 
38 69 
38 68 
. . . 
50 80 
-
-
Table.5 : -RIBOSOMAL PROTEIN DISTRIBUTION IN 
EUKARYOTIC RIBOSOMAL SUBUNITS. [taken Trom Wool, 
I.G. and Stof-fler, G. Ribosomes Cold Spring Harbor 
Laboratory, 1975] 
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ll>LECULAlt WEIGltlS 01' 60S BJBOSOIIAI, PB.OTIIBS OP T. ·.a. .... 
60S 
PROUD NUMBER HOLICOJ,AR WEIGHT 
L2 56 
L4 56 
Ll 45 ~ 
LS. , 45 
L3 40 
, 41 L6 
L7 39 
LS 
. 25 
Ll3 24 
LlO 22 
Ll2 22.5 
L15 23.5 
L24 22.5 
L18 21.5 
L25 21.5 
.. 
Ll9 20 
L28 21 
· L16 19.5 
L21 17.5 
L26 17.5 
L30 16 
L26 17.5 
,.._ -----------· ' 
' 
Table.6 : MOLECULAR- WEIGHTS OF RAT LIVER RIBOSOMAL 
PROTEINS' OF THE SMALL AND LARGE SUBUNITS. [taken 
"from Wool, I .G. .and Stof-fler, G. Ribosomes Cold 
Spring Harbor Laboratory, 1975] 
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of L25 with the 26S rRNA • 1n· yeast. L25 homologues 
have been · isolated from a variety of 
• organisms 
. . 
including E.coli, B. stearophilus [Ra.ue,i989]; however the 
~ only eukaryote from which L25 has been isolated has ) 
,' , J 
been yeast. 
The L25 binding site on the 23S / 26S rRNAs is 
highly· conserved among prokaryotes, eubacteria, 
archaebacteria and eukaryotes. This conserved 
ribosomal protein binding site is interrupted by the 
site in which the hidden break occurs 
• 1n some 
organisms e.g. T.thermophla. The significance of this 
observation is unknown. 
The binding site for yeast [YL25] exhibits a 
very strong structural homology to its counterpart 
in E.coli .EL23 [see -fig. 7]. RNase Tl protection 
.-
experiments have localized the binding site for L25 
36 
r~· 
.. 
- - :,. - _ ... ,;;, . 
I. 
) 
to be within ·Domain III [ 1465 - 1632 t 1811 - 1861 
basee] of the lr RNA. The structure of the binding. 
site is composed of 2 main fragments, the 25 
nucleotides: [nts] . and 105 nts whi,ch are separated by 
172· nts. Zimmermann ll, &l: [1980] showed that EL23 
doesnot bind to yeast 26SrRNA, which poses a 
question whether the structural differences between 
YL25 and EL23 are detrimental to prokaryotic binding 
but tolerable • In a eukaryotic situation. 
Heterologous filter binding assays have shown that 
E.coli and yeast L25 homolgues are capable of 
bind.ing to 23S-26S rRNAs, while YL25 was incapable 
of binding to mouse 28S rRNA [see fig. 7; El-Baradi 
et al, 1987]. EL23 can specifically recognize and 
interact with the yeast L25 binding site on the 26S 
rRNA. The use of in vitro rRNA transcripts from 
cloned rDNA regions was exploited in yeast to 
37 
'· 
\ 
\· 
deteJmine . the exact structure and sequence of · the 
'• 
' 
L25 binding site. An in vitro SP6· transcript 
. 
pSY26XH from yeast was used • 1n a nitrocellulose 
filter binding assay. It was shown that YL25 / EL23 
bind equally well to the in .vitro yeast transcript 
[El-Baradi- et al, 1987]. Re-binding experiments have 
shown that the binding site is composed of two 
regions separated by 150 nts [ El-Baradi et al 
1987] . The · putative contact points o-f the protein 
-for the rRNA have been localized to the 5' proximal 
protected area. Using deletion mutants the sequence 
between nucleotides 1819 -1833 was determined to be 
essential -for YL25 / EL23 binding, while sequences 
immediately downstream of nucleotides 1833 contained 
elements that in some manner enhanced binding . 
Folding o-f the L25 binding site presumably • 1s an 
autonomous event that is independent of any trans-/ 
38 
• 
• ClS-
,,i -· . ;-,, 
acting factors located on the peri
phery of the 
I f 
_, 
binding site •. It is suggested th
at the 5' distal 
fragments mig'ht· have an indirect in
fluence on the r-
protein binding, such that the f
olding of the 5' 
,proximal fragment permits the 
protein to bind. 
However it has yet to be determ.i
ned what auxiliary 
sequences, if any, are neccessary 
to mediate correct 
folding of the, binding site [El-Baradi e
t al, 1987]. 
The overall interaction of L25 is 
within the A 
site of the peptidyl transferase c
enter of the 50S / 
60S ribosomes [Garrett,1971]. The proba
ble -function 
of L23 may be in mediating proper 
positioning of the 
3' termini of the amino acyl and t
he peptidyl tRNAs. 
This site is not 6nly structurally
 but functionally 
conserved among prokaryotes 
and eukaryotes 
[Garrett, 1971] . 
39 
The mouse equivalent of the L25 binding site 
[refer to fig.7], though structurally· similar to its 
yeast counterpart, is unable to bind the yeast L25 
d-
protein. Several . plausible explanations exist. The .f--
larger eukaryotic specific variable V9 • region • 10 
mouse could have a deleterious effect on L25 
binding. Since the eukaryotic specific hairpin 
• is 
• 
absent in the 23S rRNA, it may not have 
i' 
an active 
role in binding. However the question remains why in 
• some species [insects protozoans] a breaka_ge 
occurs within this V9 region [refer to fig.6]. 
An amazing obserViation was made, that even 
though EL23 I YL25 demonstrate extensive 
conservation of primary / secondary structure 
' 
there is limited homology between the two proteins. 
This homology is restricted to the carboxy terminus 
of the proteins [ 16 amino acids (a.a.) out 0£ 42 
.. 
40 
... 
a.a. can be aligned, refer to -fig.10]. The two 
proteins demonstrat~ amino acid homology at only 
three smal 1 and widely dispersed sites. In fact EL23 
is only 28% homologous to BL23 from B. stearothermophilus 
[Kimura et al 1985] . Therefore, it· is tempting to 
assume that these three homologous stretches might 
play a significant role in the interaction with lr 
due functioning of the ribosome. However, RNA or 
the large size and structural complexity of the lr 
RNA b_inding site, it seems unlikely that the lr RNA 
interaction would be solely dependent upon such, a 
. •. 
[ • 1. e •-smal 1 1 stretch of • amino acids 
conserved motif] . 
Although several ribosomal proteins 
" have been 
isolated from the ciliated ,protozoan 
ii,\ 
T. thermophila 
[Petridou et al 1984] , no L25 - 1 ike homologue has 
been identified as yet [see fig.11]. Heterologous 
41 
' 
·, ' 
binding experiments have revealed that a T.thennophala 
1. . 
T7 precursor rRNA transcript is unable to,,\>ind yea.st 
J 
YL25 [Ware,submitted]. When chimeric 26S· rRNAs ·• 1n 
-
which the variable V9 • regions from yea.st 
' 
were 
replaced with V9 sequences from mouse and T.thennophila 
were used in binding studi~s, no significant change 
in binding e-f-ficency or polysomal distribution o-f 
60S subunits was observed [W.Musters,personal 
communication]. This suggests that the binding 
requirements • ID gap • processing and • non-processing 
organisms may be quite complex. 
42 
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• 
Conserved Domain at the C-terminus of 125 
Homologues. 
Yeast 
E.coli 
Lys--Lys-.A.la-Tyr-Val-
Lys-Lys-Ala-Tyr-Val-
. . 
. -
(/ 
~ 
-, 
., 
I 
I 
Fig. 8 : AMINO ACID . SEQUENCE HOMOLOGIES BETWEEN 
YEAST L25 (S . c • J. AND E.coli (E. c . ] . Boxed in sequences 
represent identical amino a.cid stretches. [taken 
from Ra.ue il. .IJ.. 1989 ] 
• . .. 
...... \._ 
• • . 
• . 
43 
.. 
. . 
- . 
• 
. . ._ -
. 
• 
. . ...... . 
-. 
. . 
• 
. '·-~.-.··-
.r 
HOLECD•.U WEIGHTS 01' IATLIVEll 
40S 
Sl. 44 
. S2 -~_41 
S3 38.1 
S4 35.3 
S5 29.8 
S6 38.5 
S7 · 31.3 
S8 32.5 
S9 27.2 
S10 27.3 
-Sll- 26.3 
S12 38.5 # , 
S13 21.2 
S14 24.9 
S15 25/3 
S16 20.5 
.. 
. . 
S17 22.5 
S18 . 21.5 
S19 20.5 
S20 1().1 , 
S21 18.8 
S22 -
S23 23.9 
S24 22.6 
S25 22.1 
S26 19.1 
S27 16.9 
S28 11.5 
S29 10 
S30 12.4 
S31 25.3 
·PROTEIRS 
60S 
"' 
Ll 
L2 
L3 
L4 
LS 
L6 
L7 
L8 
L9 
LlO 
Lll 
Ll2 
Ll3 
Ll4 
LI5 
L16 
L17 
L18 
L19 
L20 
L21 
L22 
L23 
L24 
L25 
L26 
L27 
L28 
L29 
L30 
L31 
L32 
L33 
L34 
L35 
L 
! 
38.6 
32.4 
53 
53.7 
45.8 
48.5 
38.3 
35.8 
31.8 
34.8 
26.S 
23 
33.9 
32.3 
30 
24.8 
29.5 
29 
32 
27 
28 
-
23.3 
24 
23. 7 
25.6 
21.9 -
22.7 
24 
21.7 
-.20.a 
20.7 
22 
14.5 
19.7 
' 
Fig.11 : COMPARISON OF RIBOSOMAL PROTEINS OF 
Tetrahymena thermophila. [taken from Petridou ~ a.l. 1984] 
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I 
I propose to isolate an L25 homologue from 
r 
T.thermophila in order to study its interaction with 
. 
precursor and mature 26S rRNA. If differences 
exist between 
• • gap processing organisms [ T. thermophila] 
'~ . 
and organisms ~hat do not [yeast], it may help to 
It • is understand the significance of the gap region. 
quite possible that more than one L25 homologue [s] 
exist • 
• • 1n gap processing organisms. It is also 
possible that gap proce.ssing may be a prerequiste 
-for L25 binding. Removal of nucleotides from this 
• region V9 variable specific may eukaryotic 
facilitate L25 binding. 
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CHAPTER II 
MATERIALS&. METHODS 
'[1] Strains 
Yeast Saccharyomyces cerevisieae [ATCC] were grown at 25 
~ C in yeast nutrient media [ 1% Bacto~yeast extract , 
2 % Bacto peptone 
' 
2% sucrose J for .. 16 hrs with 
mild shaking. T.thermophila cells [ATCC 30384] were • grown 111-
ATCC medium 357 at 25 ° C for 24 hrs with mild 
• 
shaking to 3 x 10 5 cells/ ml concentration; cells 
were induced to over-synthesize ribosomal proteins 
by starvation in minimal media [5mM Tris-HCl pH 7.3, 
47mM NaCl, 1mM MgS04] for 17 hrs at 25°C and then 
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ISOLATION OF RIBOSOMAL SUBUNITS FROM 
i • r -
. TETRAHYMENA 
GROWTH CELL DENSITY 3 X 105 CELLS/ML 
STARVATION, 17 HRS , 2 X 104 CELLS/ML 
, 
. 
· REFEE01NG, 2 - 3.=DAvs , 3· x· 105 ·cELLS/ML 
. 
- . . 
.. 
CELL LYSIS 
RIBOSOME ISOLATION 
SEPARATION OF SUBUNITS USINGJLINEAR 
' !~ 
10 % - 30 % SUCROSE GRADIENTS 
. --· . - .. 
• 
FiK,!_: FLOW DIAGRAM FOR THE ISOLATION OF RIBOSOMAL 
SUBUNITS FROM T.thermophila. [Cuny et al, 1982] 
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cells were refed in nutrient media to a cell density 
of 2 - 3 x 10··5 cells/ ml [see fig.12]. 
Radio-label led yeast and T.thermophila eel ls were 
prepared in the fol lowing -manner: Tetrahymena cells were 
.. ,. {J, 
grown at 25° C for 16 hrs before transferri,ng to ATCC 
medium 357 containing 32P - labelled H3P04 [ICN, 1.0 
Cl 
mCi / 100 ml media] and al lowed to grow for an 
additional 24 hrs at 25° C. Yeast cells were labelled 
in a similar manner. 
[2J ·- Isolation. of ribosomes 
T. thermophila cells we re starved and re-fed as 
described in methods above and ribosomes were 
isolated according to Petridou et al,1983. Cells 
were harvested at 2000 x g [Spinco rotor JA14 10,000 
rpm] ro·r 45 mins 4° C. The cell pellet was -frozen at 
48 
- 70° C, thawed on ice, and resuspended in RS buffer 
[0.01 M NaCl, 0.015 M MgCl2, 0.01 M Tris pH 7.5], 
-1 
homogenized in a Dounce homogenizer with 1 % [w/v] 
Triton X-100 and 0.5· % [w/v] sodium deoxycholate. 
Cel 1 ular debris was eliminated by centrifugation at 
15,000 x g [Spinco rotor JA20, 10,000 rpm] for 30 
I 
mins 4° C. The supernatant was re-centrifugated with 
the protease inhibitor iodoacetamide [final 
",'" '=·'' 
concentration of 5 mM from a 100 mM stock solution] 
at 1 x g [Beckman rotor SW41 , 24,000 rpm] for 
• m1ns 90 t 4° C to obtain the crude ribosome pellet . 
The crude ~ibosomal pellet was resuspended in High 
Salt buffer [0.5 M KCl, 0.01 M MgCl2, 0.01 M Tris pH 
7.5] and further purified by centrifugation at 
150,000 x g [Beckman rotor SW41, 30,000 rpm] . The 
ribosomal pellet was resuspended in Dissociation 
Buffer [20 mM Tris-HCl pH 7.4, 16 mM MgCl2, 1 M KCl, 
49 
t;,·: 
12 mM p - ME, 0.2 M EDTA] and stored at -7o·c. 
Ribosmes were dissociated into subunits by
 
centrifugation through a 10 % - 30 % linear sucrose 
gradient in dissociation buffer [Beckman SW27, 
rotor] at 20,000 rpms for 17 hrs at 4° C. One ml
 
-fractions were collected and absorbance at
 260 nm 
was monitored., Fractions containing the 60 S
 and 40 
S peaks were pooled a.nd centrifuged at 80
,000 x g 
[Beckman rotor SW41 25,000 rpm] -for 20 hrs at 4° C.
 
~ 
Subunit pellets resuspended 
• 10 standard were 
dialysis buffer [10 mM Tris-HCl pH 7.4, 10 mM MgCl2,
 
.(,. 
50 mM KCl, 6 mM P - ME] and stored at -70° C. 
Yeast ribosomes were prepared according 
to 
methods described.~y El-Baradi et al,[1984]. Cells
 
were harvested at 2000 x g [Spinco rotor JA14,
 
10,000 rpm] for 45 • m1ns at 4° C. The eel 1 pellet wa
s 
50 
' 
, I 
) 
C 
frozen at - 70• C, thawe~/bn ice in '.2 mls cold Buffer 
A [10 mM Tris-HCI '1pH 7 .5 , 5 mM Mg Acetate , 10 mM p 
- ME 
' 
10 'mM KCl] and lysis was carried out with 
glass beads. The cell lysate was filtered with cold 
Buffer A and cell debris was removed by 
centrifugation at 8000 x, g [Spinco rotor JA20, 
13,000 rpm] for 20 mine at 4• C. The supernatant was 
· re-centrifuged at· 105,000 x g [Beckman rotor SW41, 
30,000 rpm] for 90 mins at 4° C. The c~de ribosomal 
pellet was resuspended in Buffer D [50 mM Tris-HCl 
pH 7.7, 12 mM Mg Acetate, 20 mM /J - ME, 0.8 M KCl]. 
Ribosomal subunits were separated on 10 % - 30 % 
linear sucrose gradients and concentrated as 
described for Tetrahymena cells. 
51 
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[aJ Isolation of core ribosomal, proteins 
[a] T.thermopjhila core proteins 
T.thermophila core ribosomal proteins were prepared 
as per yeast LiCl extraction methods [El-Baradi et 
al • , 1984] . T.thermophila 60S subunits [.... 2000 - 5000 
Ab 260nm] were dialysed against standard dialysis 
buffer containing 1.8 M LiCl for 3 hrs at 4° C. LiCl 
extracted proteins were pelleted by centrifugation 
at 12,000 rpm in a Fisher Scientific microfuge for 
30 mins at 4° C. The supernatant contains 26S rRNA 
bound with core ribosomal proteins. The RNA was 
removed by acetic acid precipitation. One tenth 
volume of ice cold 1 M MgCl2 and 2x volume ice cold 
65 % glacial acetic were added in rapid 
• succession, 
the mixture stirred at 4° C for 45 
• m1ns, and the RNA 
was pelleted by centrifugation at 13,000 rpm for 15 
52 
I ' 
mins in a Fish~r Scientific microfuge. The pellet 
' 
was washed briefly with 65 °·% glacial acetic acid. 
The combined supernatant was dialysed against 5 % 
glacial acetic acid, Jyophi 1 i~ed and stored at - 70° 
C 
C [see f ig.13] . 
[b] Yeast L25 protein 
Yeast L25 ribosomal protein was prepared ·as per 
El-Baradi al. [1984] , • minor with some et 
modifications. 60 S subunits [~ 2000-5000 Ab 260 nm] 
were dialysed against standard dialysis Buffer with 
1.8 M LiCl for 4 hrs at 4°C. 
[4J Preparation of in mtro transcripts 
In vitro transcripts were prepared and radio-
labelled using the RiboProbe TM Transcription system 
53 
I 
[Protocol# 1] from Promega Biotec. Tr
anscripts were 
labelled with o -
32P- CTP ob!ai·ned from ICN. (' . 7 
T.tlaermophila precursor T7 trans
cript [pGB500] was 
'· 
prepared from pGBTetBH500 [V .C. W
are, unpublished 
results]. This plasmid contain
s the 500 bp 
Bgll/Hindlll fragment isolat
ed from plasmid pRP9 
containing the gap region -from
 T.thermophila cloned into 
the BamHI / Hindlll sites of p
GEM3-Blue [Promega]. A 
run off transcript was pre
pared~ by cutting the 
plasmid with Hindlll and usin
g 50 µCi o - 32P - CTP 
in water [ICNJ and T7 polymerase [P
romega] . The DNA 
template was removed with RQ1 TM DNase
 [Promega] for 
15 • m1ns 37° C. The tra
nscription mixture was at 
extracted with phenol: chlorof
orm [1: 1] fol lowed by 
chloroform alone, and the
 RNA transcript was 
resuspended in 10 µL ster
ile distilled water. 
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60 S SUBUNITS [ - 100 ~60 ] 
. ~ . 
ua EXTRACTION 
• 
Dialysis against 1. M LiO, 4· C , 4 h 
CENTR!FUGE 12,000 rpm 15 min 
• 
PELLET. ·SUPERNATANT ·-
• 
• 
. . 
. 
• 
• .
: STRIPPED R-PROTEINS CORE PARTICLES 
. LiCI PROTEINS 
. 
. . 
. 26 S rRNA + L25 PROTEINS 
• 
+ BSA [ 1 pg /ml ] 
• 
• 
REMOVAL OF RNA BY DIALYSIS 
AGAINST 67 % GLACIAL ACETIC ACID 
• 
PELLET PROTEIN 50,000 RPM 4 H 
i 
LYOPHILISE 
I 
. 
' 
• 
\ 
. 
• 
.. 
• 
. 
• I 
1 
Fis .. 10 : FLOW 
CORE PARTICLES 
.lr.l.. 1985 ] 
DIAGRAM FOR THE PREPARATION OF L25 
FROM T.thermophila. [ ref. El-Baradi ll 
I 
. . . . 
. 
. 
. 
. . .. ....... -
Yeast transcript . was prepared from plasmid 
~ 
[pSY26XH] containing the entire L25 binding site [a 
kind gift. from H. Raue] . pSY26XH was cut with Ace I 
and run o-fr transcripts were produced using SP6 
32 
- P - CTP [ICN] , [Promega] and a 
• lD a polymerase 
similar method as described -for T.thennophila. 
[5J Isolation of 265 rRNA 
T.thermophila 60S and yeast 60S ribosomal subunits 
32p isolated described 
• 1n 
labelled with as were 
methods 1 2. Subunits were stripped of their 
proteins by phenol:chloro-form [1:1] extraction, and 
the 26S rRNA was resuspended in 10 µL; o-f sterile 
water and stored at - 70°C. 
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[6J SOS - polyacrylamide electrophoresis of ribosomal 
• proteins· 
Isolated core ribosomal proteins were 
identified by SDS-PAGE. Total ribosomal proteins 
from T.thermophila and yeast were prepared by T
CA 
precipitation. Subunits were precipitated with 100
 % 
[w/v] TCA [final concentrati~on 10% J, incubated at 0° 
- 4° C -for 30 • m1ns, and centrifuged in a microfuge 
at 
, ,· ,. C for 30 The • m1ns. protein pellet was washed 
several times with 95 % ethanol:ether [1:1], vacuum 
dried and resuspended in 1 X sample buffer. 
Total ribosomal proteins, LiCl extracted 
proteins and molecular weight markers [Sigma] were 
electrophoresed on 12.5-% - 20 % linear gradient SOS 
, 
gels for 3 - 4 hrs at 20 mA constant current. G
els 
were stained with Coomassie Blue and dried on a g
el 
57 
i ·. 
' dryer. 
T.thermophila core proteins were electrophoresed on 
12. 5 % - 20 % 1 inear gradient SOS-gels and stained 
with silver reagent [Bio~Rad silver stain kit]. 
[7J Nitrocellulose Filter Binding Assay 
Nitrocellulose filter binding assay [NFB] was 
executed according to yea.st protocols [El-Baradi et 
al ,1984]. Equivalent amounts of 32P-la.belled rRNA 
[i.e. 26S rRNA or SP6 / T7 in vitro transcripts] were 
incubated with • • 1ncreas1ng amounts of either 
T.thermophila core proteins or yeast L25 protein • ID 
binding buffer_ [20 mM Tris HCl pH 7.4, 20 mM MgCl2, 
300 mM KCl, 6 mM {J - ME] , for 15 mins at 37° C. 
Incubation mixtures were then f i 1 tered through 
nitrocellulose membrane filters [Schleicher 
58 
Schuell grade BA85, 24 mm diam., 0.45 µ], washed 
three times with 0.5 mls Binding buffer and the 
protein protected radiolabelled RNA fragments 
retained on the filters were estimated by liquid 
scintillation counting [see fig.14] • 
• 
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NITROCELLULOSE FILTER BINDING ASSAY 
32p .. LABEL TETRAHYMENA CELLS 
\___-
. . . 
• 
ISOLATE 32p - 26 S rRNA 
J; 
INCUBATE CONSTANT CPMS 32p - 26 S RNA 
. 
W/ INCREASING AMOUNTS 125 PROTEIN 
15 MIN 37. C 
• 
FILTER THROUGH NITROCELLULOSE FILTER 
. 
. . . 
COUNT FILTERS 
' 
F. 11 
1g, ~ : SCHEMATIC REPRESENTATION FOR NITROCELLULOSE 
FILTER BINDING ASSAY. 
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[~J RNA polyacrylamide · gels 
Native RN·A· - protein polyacrylami.de gels [RNP 
gels] were run according to Branlant et al [1973] . 
RNA-protein complexes were fractionated on a 8 % 
polyacrylamide gel [11 cm x 24 cm x 0.4 mm] made up 
in TMA buffer [O. 01 M Mg acetate, 0. 005 M Tris-
acetate pH 8] or TBE buffer [0.05 M Tris, 0.01 M 
EDTA, 0.05 M Boric acid pH 8.3]. Prior to sample 
loading, gels were pre-run at 30 mA for 30 
• m1ns. 
Samples were prepared in a 1 X sample buffer [50 % 
(w/v) sucrose with 1 % (w/v) bromophenol blue] or 10 
X sample bu-f-fer [0.5 M Tris, 0.5 M Boric acid, 100 
mM EDTA pH 8. 3, 50 % (v /v) glycerol, 0. 25 % (w/v) 
bromophenol blue, 0.25 % (v/v) xylene cyanol]. 
Electrophoresis was carried out for 3 - 4 hrs at 30 
mA at a·potential difference o-f 100 - 200 V. The 
xylene cyanol was allowed to run off while the 
61 
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bromophenol blue reached the bottom of the gel. Gels 
were autoradiog~aphed. 
Denaturing RNA sequencing gels were prepared 
according to Maniatis et al [1982]. 8 % or 10 % 
polyacrylamide 7 M urea gels were run in 1 x PB 
buffer at 20 mA for 3 - 4 hrs and autoradiographed. 
RNA fragments were extracted from native or 
denaturing gels using the crush soak method 
[Maniatis et al .1982]. RNA -fragments were excised 
and soaked in SAE buffer [0.1 % SDS, 0.5 M • ammonium 
acetate, 0 .1 M EDTAJ for 12 hrs at 37° C, briefly 
centrifuged at 12,000 rpms in a microfuge at 4° C and 
passed through a disposable • syringe packed with 
silica glass wool and 3M Whatman filter paper, to 
f i I ter out polyacrylamide bi ts. The supernatant ~as 
ethanol precipitated, washed several times with 70 % 
62 
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ethanol and resuspended in sterile water. 
[9J RNase Tl Protection Assay 
RNase Tl protection experiments were carried 
out as described by El-Baradi et al [1985], Branlant 
et al [1983], Garrett et al [1971]. 32P-labelled 
rRNA [i.e. 26S rRNA or SP6 / T7 transcripts, 104 -
105 cpms / 5 µg RNA] together with 40 ng unlabelled 
17S rRNA were incubated with saturating amounts of 
T.thermophila core proteins or yeast L25 protein at 37° 
C for 15 • m1ns • In binding buffer. Protein RNA -
complexes were partially digested with RNase T1 [10 
units / 5 ng RNA] in T1 buffer [10 mM Tris-HCl pH 
7 .4, 50 mM KCl, 6 mM /J - ME, 10 mM MgCl2] at 0° C for 
30 mins. Hydrolysates were directly loaded on to 10 
%. Native RNP gels and electrophoresised for 3 - 4 
hrs at 20 V/cm [20mA]. Gels were visualized by 
63 
autoradiography. Bands containing the RNP were 
excised 
' 
dialysed against 8 M urea for 2 hrs' at 
room temperature, to remove the electrophoresis 
buffer and facilitate dissociation of RNA and 
protein. The gel fragment was theft loaded on a 10 % 
polyacrylamide 7 M urea • sequencing gel and 
autoradiographed [see fig.15] • 
\ 
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IDENTIFICATION OF L25 BINDING SITE ON 26S rRNA l . 
RNASE Tl PROTECTION ASSAY l 
32p.26SrRNA + L25 [ pg at MAXIMAL BINDING ] t . • ' 
BINDING AT 3TC , 15 MIN 
RNASE Tl _PARTIAL DIGESTION [ 100 UNITS J J. ;·. 
INCUBATE AT 37·c., 15 MIN 
, . . ' 
\ 
... 
FILTER THROUGH NITROCELLULOSE FILTERS 
• 
PHENOL EXTRACT PROTEIN 
. ' 
ELUTE RNA FRAGMENTS WITH SDS BUFFER 
. 
ANALYSE ON 10% SEQUENCING GEL 
• 
Fig. J.!2 : SCHEMATIC REPRESENTATION OF RNase Tl 
PROTECTION ASSAY 
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CH·APTER Ill 
., 
RESULTS II. DISCUSSIONS 
,, 
SECTION I 
RESULTS 
In order to investigate the existence of an L25 
homologue in the c i 1 iated protozoan T.thermophila , 
ribosomal core particles containing a complex of RNA 
and protein were isolated. The ability of these 
ribosomal proteins to bind specifically to the 26S 
rRNA was examined using a Nitrocellulose Filter 
Binding Assay. In order to determine if an L25 
candidate existed among the core proteins Rnase Tl 
~·' .•.\; 
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protection experiments were perfor,med • 
• BIOCHEMICAL ISOLATION· OF CORE PROTEINS 
F~OM YEAST AND I,thermophila-
The existence o-f a putative L25 homologue • ID 
T.thermophila was investigated using Li Cl extract ion 
methods previously successful -for yeast, [see 
Chapter II -for extraction details]. Treatment o-f 
yeast and tetrahymena 60 S ribosomal subunits with 
• • 1ncreas1ng concentrations of LiCl results • 10 
methodical stripping o-f certain ribosomal proteins 
from the subunit while a core particle consisting of 
RNA and a few early binding proteins • remains [El-
Baradi et a:. . 984] . Comparison of LiCl extracted 60S 
67 
• 
f 
ribosomal proteins with total 60S ribosomal 
proteins, revealed that a few protein were not 
present in the LiCl extracted .lane [2] but were 
present in the toatl 60S ribosomal protein lane [3], 
[see fig.16 lanes 2 k 3]. The early binding proteins 
retained on the core particle after treatment with 
LiCl were identified to be approxim~tely 20 Kd 
• 1n 
size [data not shown]. A similar electrophoretic 
pattern was observed • 1n T.thermophila 60 S subunits. 
LiCl extracted 60S ribosomal proteins were compared 
with total 60S ribosomal proteins from T.thermophila. A 
I 
group of 15 Kd proteins that were not present in the 
LiCl extracted lane but were present in the total 
' 
' 
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Fig. 13 : 12.5 - 20 1. LINEAR 
POLYACRYLAMIDE GEL ELECTROPHORESIS 
60S RIBOSOMAL PROTEINS. Lanes; MW: 
markers; LiCl: LiCl extracted 
* '• ' •• "' • • . • 
• • : 
. ~:·. --~: ··.,· .... ~-.· ....... •. - .. _ ... . 
' 
15 kD 
GRADIENT SOS-
OF YEAST TOTAL 
Molecular weight 
60S ribosomal 
proteins ; Trp: total 60S r i bosoma.l proteins and 
Lalb: 15 Kd molecular weight marker La.ctalbumin. 
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60S lane was observed (see fig.17, lanes 3 " 4]. 
somal protein pattern· was very similar to 
that by Petridou et al 1984. The core 
ribosomal proteins were further identified by gel 
electrophoresis. The core particle appeared tq I 
I 
I 
consist of at least three ribosomal proteins 1 of 
approximately 15 Kd in size see fig.18,lane 2, 
Clearly some proteins present in the total 60S 
protein lanes are absent from the LiCl stripped 
proteins. Presumably, these proteins are retained on 
the 60S subunit even after LiCl extraction and would 
constitute core proteins. 
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Fi~ . 14 : 12 • 5 
POLYACRYLAMIDE 
RIBOSOMAL PROTEINS . 
markers ; T80S: total 
- 20 1. LINEAR GRADIENT SDS -
ELECTROPHORESIS OF T.themaophila 
Lanes; MW: Molecular weight 
GEL 
80 s ribosomal proteins • 
' 
T60S: total · 60 S ribosomal proteins; TLiCl: Li Cl 
extracted 60S ribosomal proteins CA • 
' 
molecular weight markers carbonic a.nhydra.se 
and Lactalbumin [15 Kd],respectively. 
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[29 Kd] 
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I 
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2 
TCP 
;, \ " • • _, ... • '°' : f I 
. ~ 
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' 
. .. . . 
• 
- . . . 
~- ... - ...... . 
. .. . . ~. 
J 
3 
• 
15 k. 
• 
• 12.5 
r.-t1••··~r -
-
20 io LINEAR GRADIENT SDS Fig. 15 
POLYACRYLAMIDE GEL ELECTROPHORESIS OF ISOLATED 
RIBOSOMAL PROTEINS. Lanes 1 &G 3 T.thennophila CORE 
Molecular weight markers 
• 
• 
carbonic anhydrase [ 29 Kd 
J lane 1 and lane 3 lactalbumin [ 15 Kd ] . Lane 2 
'from the isolated represents 
tetrahymena using 
ribosomal proteins core 
extraction 
Si 1 ver staining 
LiCl 
visualised by 
protein per band 
were 
OT was 50 
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methods. Proteins 
• Concentration 
ng. 
~ -~' ... _. ·. ·-··-- .. .. . -~-... ...;....:........:.. 
\ 
BINDING. OF CORE PR:OTEINS TO RNA-
Based on the LiCl extraction of 60S subunits, 
it was determined that three proteins remain on the 
T.thermophila core particle. The ability of these 
presumed RNA-binding proteins to interact with RNA 
was confirmed using -f i 1 ter binding assays. Binding 
studies were performed with both yeast and 
Tetrahymena core proteins. 
Yeast total rRNA demonstrates a saturating 
curve with increasing amounts of YL25 ribosomal 
protein [see fig.19]. At saturating levels of 
protein,· 15 % the RNA was retained on the -f i 1 ter. A 
similar binding trend was observed -for Tetrahymena 
. 
total rRNAs. Saturation occurs at concentrations 
exceeding 1000 f moles [see -fig.19 BJ. These binding 
l 
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SATURATING CURVE 
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a: 
LU 
a. 
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--/ -+ / 20 "' / 
. 
/ 
+ + / 
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/ 
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0 30 60 90 120 ·150 ~ 
AMOUNT L25, ng 
Fi~ .. 16 : . [A] SATURATION CURVE OF THE INTERACTION OF 
YEAST TOTAL rRNA WITH YEAST L25 RIBOSOMAL PROTEIN • 
A constant molar concentration of 32P - label led 
yeast total rRNA ~.,"' [ 20 ng ; 1500 cpm / data point J 
was incubated with increasing amounts of YL25. 
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• 
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90 120 
ng 
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"' . ·.. ·.: 
F i g . !Z. : [B] 
INTERACTION OF 
SATURATING 
T. thennophila 
BINDING 
TOTAL 
CURVE FOR THE 
rRNA WITH CORE 
RIBOSOMAL PROTEINS.. A constant a.mount [ 20 ng / 
1500 cpm / da.ta. point ] of 32P - label led T.thermophila 
total rRNA w&S incubated with increasing amounts of 
tetrahyemna core ribosomal proteins. 
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. - ._s__.,. 
curves seem to indicate that the core
 proteins are 
~,,_:) 
capable of interacting with and binding
 to.rRNAs . 
. , 
The specificity of this binding intera
ction was 
tested with isolated 26S rRNAs, from both
 yeast and 
T. thermophila • In order to ascertain if
 these core 
proteins are specific for the 26S 
rRNA, binding 
interactions were compared between i
solated 26S and 
17S rRNAs. Both yeast and T.thermophila 
17 S rRNAs were 
unable to bind core ribosomal protein
s [see -fig.20 A 
& BJ, indicating that the core proteins are s
pecific 
for the large ribosomal subunit [see Fig.21 
A & BJ. 
The ove ral I binding trend between T.th
ermophila and 
yeast 26S rRNAs did not seem
 to di-f-fer 
significantly. Twenty nanograms 
o-f yeast YL25 
appears to be su-f-ficent to satura
te the binding 
interaction. Maximum amount o-f y
east 26S rRNA 
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,. 
retained on the filter was 8 % [Fig.21]. 
At 
saturation, 20 - 30 µg of T.tlaermophila TCP 
core protein 
appears to ·be sufficient to bind 22 % of 
26S rRNA to. 
the filter. At protein concentrations 
exceeding 30 
µg a steady decrease in binding was obse
rved [Fig.20 
BJ. Severe inhibition occurred at co
ncentratiQns 
greater than 80 pg TCP protein. 
Having established that the T.thermophi
la core 
proteins are specific for 26S rRNAs,
 it was of 
interest to ask if these proteins bind t
o mature and 
'' precursor'' substrates in a simila
r manner as 
determined by NFB assays. 
One hypothesis states that the size 
of the 
variable V9 region may have ·a profound e
ffect on L25 
binding. Since the binding site 
for L25 • IS 
interrupted by the site where gap proces
sing occurs 
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COMPARISON OF 265 vs 17S rRNAs 
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Fig. _18 : [A} COMPARATIVE ANALYSIS OF THE BINDING 
. 
CURVES FOR YEAST 26 S AND 1 7 S rRNAs WITH YEAST 
YL25. Nitrocellulose filter binding assays were 
per~ormed for 32p_ label led yeast 26 S a.nd 17 S 
rRNAs with yea.st YL25 , as described previously Tor 
total rRNA binding curves. Constant amounts [ - 25 
ng / 1000 cpm / data point ] were incubated with 
increasing. a.mounts in micrograms [pg] o-f yeast YL25 
ribosomal protein. Percent of bound rRNA -for each 
population [ 26S and 17 S rRNAs ] were calculated. 
Each point represents a. mean OT 4 - 5 data points. 
The two curves were significantly different at a 
confidence level of> 99 %. 
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COMPARISON OF 26S VS 17S rRNAs 
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AMOUNT OF PROTEIN. ug • 
[BJ ANALYSIS OF T.thermophila 26 S AND 17 S 
rRNAs BINDING. Niti;Qcellulose filter binding assays 
\ 
were performed with Tetrahymena 32P - labelled 26 S 
and 17 S rRNAs and core ribosomal proteins [ TCP ] • 
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Fig. 19_ : L25 BINDING BETWEEN MA'1'URE 26 S rRNA AND in 
vitro TRANSCRIPTS FROM YEAST AND T.thennophila. 
Nitrocellulose filter binding ase.ay was per-formed a.s 
previously descri·bed in legend to Fig.19 with 
radio 1 a.be 11 ed <> yeast 26 S rRNA ; yeast SP6 [ YTR ] 
and tetrahymena T7 [ pGB] transcripts. 
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in ciliated protozoans [ T. the,,nophila] , 
• processing at 
this site might 'facilitate L25 binding. I
n order to 
investigate this possibility, in vitro t
ranscripts 
were prepared whi~h contain sequences 
found • ID 
precursor rRNA, since in vivo unprocessed
 precursor 
pre-rRNAs are difficult to isolate in
 sufficent 
quantities. 
An SP6 transcript [ YTR] containing the entire 
L25 binding site in yeast as well as a T7 
[ pGB ] 
transcript containing the presumptive L2
5 binding 
site • ID T. thermophila , were prepared as descr
ibed • ID 
Materials Methods. Filter binding assa
ys were 
per-formed with yeast YTR and tetrahymena. p
GB 
transcripts. A 10 µg concentration o-f y
east YL25 
ribosomal protein is sufficent to saturate
 binding 
of YTR rRNA transcript. Maximum amoun
t of YTR 
transcript retained on the -filters is 28 % [Fig.22]
. 
' 
' r-
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At comparable protein concentrations, 
YTR transcript 
demonstrates a stronger binding intera
ction [ 28 % ] 
than its mature counterpart 26S rRNA [ 8 %
 ] , • ID 
yeast. Tetrahymena core proteins did n
ot retain the 
precursor pGB transcript on nitrocellul
ose filters. 
Percent RNA bound to filters was si
milar between 
Tetrahymena T26S [27%] and yeast· transcript YTR 
[28%] [Fig.24 BJ. However uni ike yeast YTR, 
T.thermophila T26S exhibits a marked decrea
se in binding 
interactions at protein concentration
s greater than 
30 µg. 
In order to further confirm binding 
of core 
proteins to the rRNAs gel shifting ex
periments were 
performed [see Materials k Methods]. Naked ye
ast YTR 
exists as two conformations a Jt b in a 
native RNP 
gel [ -fig. 23 lanel] , while the same tra
nscript 
resolved into only one band in a denatu
ring 
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COMPARITIVE BINDING CURVES 
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Fig .. '10 : BINDING OF T.thermophila CORE RIBOSOMAL PROT~IN 
-[TCP] TQ ,,.HOMOLOGOUS MATURE 26 S rRNA AND PRECURSOR 
... 
T7 TRANSCRIPT. The percent o-f bound versus unbound 
rRNAs were calculated using a nitrocellulose filter 
binding assay, as described previously. Tetrahymena 
26 S rRNA and precursor T7 (pGB] were incubated with 
its homologous core proteins [TCP]. Yeast SP6 
transcript [YTR] with its homologous yeast YL25 
protein was used as a positive control for binding. 
confidence level of > 99 %, pGB-TCP was 
signi-ficantly different from YTR-YL25 and T26-TCP 
while no signi-ficant difference was obtained between 
YTR-YL25 AND T26-TCP. 
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polyacrylamide gel [f,ig. 24 lane 1] • The · T.tlae,1tnopl&ila 
pGB transcript however, appears as only one 
conformation in both native RNP and denaturing gels, 
suggesting that perhaps the pGB transcript -forms a 
less compact structure [figs. 23 A] . Limited S1 
nuclease mapping of T. thermoplaila pGB transcript has 
indicated that the pGB tra.nsc--ript 
• 1S precursor 
capable o-f -forming some secondary structure. A 
comparable electrophoretic;: banding pattern was 
obtained wi tli 1 imi ted 1 S1 nuclease -for both yeast YTR 
and T.thermophila pGB transcripts [Ware, unpublished 
results]. How this less compact structure may a-f-fect 
heterologous binding is unknown. 
Since the YTR transcript in yeast is known to 
contain the entire L25 binding site, it was 
convenient to test the binding interactions o-f core 
proteins with YTR in gel shift and filter binding 
84 
assays. 
The RNP complex of YTR + YL25, at 4 - 8 pg of 
YL25 
' 
appears to shift electrophoretically, 
resulting in an equal distribution of RNPs between 
conformations a b [see fig.23 lanes 2 - 4]. 
However at 16 ug of YL25, the RNP appears to sh,ift 
\ back to conformation b. When 4 µg of Tetrahymena TCP 
was used, the RNP shifted to conformation a, 
although a trailing band at conformation b was still 
\ 
detected. Furthermore, at 8 ug of TCP protein, a 
significant decrease • 1n conformation a by an 
b was observed. A con-formation • 1n • increase 
r~ 
subsequent decrease in both conformation a k b was 
detected at 16 ug of TCP [see 
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Fig.21 : GEL SHIFT ASSAY OF YEAST SP6 TRANSCRIPT YTR 
AND T.thermophila T7 TRANSCRIPT pGB500 WITH YEAST YL25 
AND T.thermophila TCP RIBOSOMAL PROTEINS. Equal 
amounts 
[50 ng/20cpm/lane] were incubated with 
• 
var)' 1 ng 
concentrations of ribosomal proteins YL25 and TCP. 
Lane 1 : naked YTR rRNA in conformation a and 
conformation b ; lanes YL : YTR with 4,8 16 µg 
YL25 ; lanes TCP : YTR with 4,8 Ii 16 µg TCP and 
lanes pGB : pGB500 with 4,8 ~ 16 µg TCP. 
" 
I' 
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. Fi&. 22 : DENATURING POLYACRYLAMIDE ELECTROPHORESIS 
OF YEAST SP6 TRANSCRIPT YTR. Yea.st SP6 transcript 
label led with 32P wa.s elecctophoresed on a 8 % 7M 
urea. gel and a.utora.diogra.phed. Arrow denotes a 
single band representing YTR transcript. 
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fig.23 lanes 5 - 7]. Some RNA degradat'ion was 
observed at· high protein concentrations. When. naked 
T.thermophila precursor T7 transcript [pGB500] was 
subjected to a gel shift only one con-formation was 
observed. At all concentrations of TCP protein [ 
i.e. 4, 8 k 16 µg ], the RNP complex-of pGB + TCP 
did not demonstrate an electrophoretic shift 
[fig.23, lanes 8 - 11]. 
This result. confirms the nitrocellulose filter 
binding experiments. The trai 1 ing bands at 
conformation a [Fig.23,lanes 4 k 6] correspond well 
with the decrease in percent of bound rRNA in the 
binding curves [Fig.24 BJ. These results are more 
consistent with the hypothesis that something about 
the structure of the precursor may not foster L25 
binding. Whether this is related to the presence of 
gap bases in the precursor rRNA is unclear at this 
88 
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time. 
CORE PROTEINS PROTECT UNIQUE FRAGMENTS 
In order to determine whether a candidate -for 
L25 exists among T.thermophila core proteins, RNase Tl 
protection assays were performed as described • 1n 
Materials~ Methods. 
Naked T.thermophila 26S 
&'/'-
rRNA demonstrates a 
de-finite banding pattern with limited RNase Tl. With 
saturatin·g concentration of core proteins, RNase Tl 
appears to protect two unique -fragments of the 26S 
rRNA [see_ -fig.25]. These -fragments are being 
extracted out and wi 11 be sequenced, in order to 
determine if an L25 homologue [s] exist among the 
core proteins. 
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SUM.MARY OF RESULTS 
[1] Three 15 Kd core ribosomal proteins were 
!t 
isolate from T.thermophila. 
[2] Core propteins specifically bind to· 26S rRNA and 
protect two unique fragments of the 26S rRNA. 
[3] Core proteins demonstrate preferential binding 
to mature 26S rRNA while no interaction was. 
observed with the precursor unprocessed pGB 
transcript. 
[4] C-ore proteins from T.thermophila do interact 
with the yeast YTR transcript in gel shift 
and filter binding assays, suggesting that a 
candidate for an L25 homologue does exist among 
the core proteins. 
/""'\ 
I • [5] Core protefm~ cause an electrophOretic shift 
~-
with yeast YTR but not with precursor pGB 
/~ 
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., 
transcript, impl.ying that differences in binding 
requirements exi~t between a gap processing 
organism [T.tlaermoplaila] and one that does not 
[yeast]. 
,··· .. 
···-"'-, . 
• 
91 
•> 
fis,2s 
PROTEINS 
• 
• 
\ 
PROTECTION 
TCP WITH 26 
PATl'ERN 
S rRNA. 
.... 
·' ·~ '.,.~' . r ·. 
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DISCUSSION 
L25 homologues have been isolated -
from , a, wide 
selection o-f prokaryotic, e
ubacterial, and 
archaebacterial 
• 
organisms 
' 
however the only 
eukaryotic 
• 
organism from which this ribos
omal 
protein has been isolated has been 
yeast [El-Baradi 
et al 1985]. The L25 binding site on the 2
6S rRNA is 
interrupted by the presence o-f the 
hidden break in 
insects [D.melanogaster] and protozoans [T.t
hermophila] . 
Previous studies have indicated tha
t yeast YL25 •
 IS 
capable o-f binding to mature 26S rRN
A but unable to 
bind to the precursor 26S rRNA 
transcri~t -from 
. 
T.thermophila [Ware, submitted]. This result 
suggests 
.. 
that perhaps processing in this r
egion o-f the 26S 
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rRNA • IS prerequisite binding and for L25 a 
subsequent assembly into functional subunits. Based,. 
on previous heterologous binding experi~ents done 
with E. col i and mouse 1 r RNAs., it was proposed that 
the size of the variable V9 region might have a role 
in L25 binding. However when chimeric Ir RNAs, 
• In 
which the V9 • region of yeast was replaced with V9 
-..;;-
regions from mouse and Tetrahymena, were used 
• In 
binding studies, L25 binding was not altered 
significantly [W. Musters, personal communication]. 
These results suggest that perhaps there are 
different binding requirements for L25 
• • 1n organisms 
that gap process [T.thermophila] and ones that do not 
[yeast]. In order to investigate these differences, 
an attempt was made to isolate the L25 homologue 
extraction methods Tetrahymena thermophila • using from 
successful for yeast. -
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ISOLATION OF CORE PROTEINS 
Previous studies have indicated that only one 
L25 ribosomal 
' 
protein [ 20 Kd ] remains bound to 
yeast core particles, after treatment with LiCl [El-
Baradi et al 1985]. However using similar extraction 
methods successful for yeast, T. thermophila core 
partic,les appear to possess at least three 
" 
ribosomal proteins, in the 15 Kd range. The core 
proteins isolated from T.thermophila are smaller than 
their counterparts in yeast. It is quite possible 
that the L25 homologue[s] in T.thermophila may exist 
• Ill 
more than one form; that is the function of an L25 
homologue [s] in a processing organism may be shared 
by more than one early binding ribosomal protein. 
Future work involves further separation of the ·core 
proteins by RP-HPLC. Individual proteins will be 
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tested for their abi 1 i ty to bind to mature and 
precursor 26S rRNAs. 
' . 
BINDING INTERACTIONS WITH MATURE AND 
PRECURSOR rRNAs 
The binding inetraction of T.thermophila core 
proteins with 26S rRNA appears to be severely 
inhibited at excess concentrations of protein [see 
"' 
Fig.22]. This inhibition is not so prominent with 
the yeast YTR transcript. Inhibition may be due to 
the presence of more than one early binding 
,, 
ribosomal protein in T.thermophila core proteins. It is 
possible that one ribosomal protein could have a 
negative effect on the binding of another protein. 
This possibility will be tested by sequential 
binding experiments. Indivual core proteins will be 
J 
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/ 
subjected to gel shift assays in order .to determine 
which core protein [s] bring about this inhibitory 
effect. 
Based on sequence conservation at the L25 
binding site among prokaryotes and eukaryotes, an in 
vitro precursor T.thermophila transcript [pGB], containing 
the presumptive binding site was prepared. T.thermophila 
core TCP proteins demonstrated a preferential 
binding to mature processed 26S rRNA, as determined 
by filter binding assays [see fig.22]. However 
T.thermophila core proteins [TCP] are unable to bind to 
the precursor [pGB500] transcript. This inability of 
T.thermophila precursor transcript [pGB] to bind to 
either yeast or T.thermophila core ribosomal proteins 
[fig. 22 23], suggests that perhaps the pGB 
transcript may not form the correct secondary 
structure. Incorrect secondary structure, • 1n gap 
97 
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• • processing organisms, could result 
. . 
ID inaccesibility 
'' 
of the L25 binding site. Preliminary. par
tial S1 '·· 
nuclease digestions of T.thennophila. pGB and y
east YTR 
transcripts have shown that there is some s
imilarity 
in secondary structure in both transcripts
 (Ware, 
unpublished results]. Therfore, the inabilit~ of
 
core proteins to to the pre
cursor pGB· · 
transcript may not be entirely attri
buted to 
secondary structure. However, gel shift as
says have 
shown that T.thermophila pGB transcript form
s a less 
compact structure as compared to the yeast 
YTR 
transcript. Clearly structure differenc
es exist 
between yeast and T.thermophila transcripts. W
hether the 
presence of unprocessed nucleotides 
• ID T. thermophila 
prevent L25 homologue [s] from interacting with pG
B 
transcript, has yet to be determined. Howe
ver, it is 
possible that in gap processing organ
isms like 
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T.tlaermoplaila, s·equences outside 'the central dom
ain I I I 
·,. 
may be required for -folding of the pi:-ecurso
r rRNA 
into its correct secondary s~_.ructure.· These r
esults 
i .. r .. 
/ are consistent with the hypothesis that 
perhaps 
d.ifferent binding requirements exist. be
tween 
organisms that gap . process [Tetrahymena] and ones 
that do not [yeast]. This hypothesis wi 11 be tested 
,, with ge 1 shift assays. The shift o-f T.thermophil
a core 
proteins with isolated con-formers of the yeas
t YTR 
·, 
transcript wi 11 be tested, in order to dete
rmine 
which con-former conducive for L25 bi
nding. • lS 
I 
Alternatively, precursor transcripts con
taining 
additional 26S rRNA sequences either upstream or
 
downstream of the gap region T. thermophila w
 i 11 be • 1n 
prepared, in order to ascertain whether b
inding 
differences do exist between yeast and Tetrahym
ena. 
T. thermophila core proteins are capable 
o-f 
99 
_ . ._i 
.. ' ~a1 
interacting with the. yeast YTR trancript. which 
· contains the entire L25 binding site, as. determined 
by gel shift assays. Preliminary heterologous filte·r 
' ' 
/ binding experiments have shown that T.thermophila core 
proteins do bind to yeast YTR (78% rRNA was retained 
on the filter, data not shown]. These two results 
provide strong evidence that a candidate for an L25 
homologue[s] does exist among the core ribosomal 
proteins. lnabi 1 i ty of T.thermophila pBG transcript 
containing the presumptive binding site to interact 
.. 
with either yeast or its homologuos core proteins, 
may be consistent with the hypothesis that the L25 
would bind to the mature rRNA but not to the 
' 
unprocessed precursor rRNA. These results are also 
. consistent with the hypothes.is that differences 
• In 
exist between • gap · processing binding requirements 
organisms [T.thennophila] and organisms that do not 
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[yeast]. 
The core proteins from T.therniophila c
learly 
protect two unique fragments of the 26S 
rRNA when 
treated with limited RNase T1. These pr
otected 
fragments will be extracted and sequenced, 
in order 
to determine if an L25 candidate exists a
mong the 
•' 
core proteins. 
Once the L25 homologue has been isolated 
from 
T. thermophila , the protein wi 11 be seque
nced and 
characterised by H. Raue [Netherlands] . A T.thermophi
la 
cDNA library enriched for ribosomal protein
s will be 
screened for the L25 gene, using yeast L25 
probes. 
It is hoped that the isolation of an 
L25 
homologue -from a gap 
• • processing organism 1 ike 
T.thermophila wi 11 aide in studying its involv
ement • in 
the maturation and assembly of ribosomal sub
units . 
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